Abstract: In recent years, hair coloring gains popularity as a trend of consumer's hair care. This coloring frequently damages hair. In response to this, a new shampoo-base was developed for repairing hair damaged by coloring. The new shampoo-base was prepared by dispersing cationic assembly in a solution of amphoteric surfactants. The mixture of behenyl trimethyl ammonium chloride (C22TAC) and behenyl alcohol (C22OH) was applied as the cationic assembly, which are dispersed in amido propyl betaine laurate (LPB) solution. LPB, which behaves as an amphoteric surfactant, was used as the wash-base. It was verified from the results on the measurements of DSC, calorimeter polarization, cryo-SEM and X-ray diffraction that the cationic assembly has a crystalline structure in the LPB solution. The new shampoobase was highly efficient to change the color-damaged hair from hydrophilic to hydrophobic. The friction level of the hair washed with the new shampoo-base recovered to the same state as that of healthy hair. The exfoliation of cuticle was reduced after washing with the new shampoo-base.
INTRODUCTION
The consumer's trend toward coloring hair has been prominent in recent years. But accompanying this trend has been an increase in hair problems. Consumers claimed serious damage of their hair due to hair coloring. Hair coloring causes raspiness and dry feeling of the hair. In other words, the surface of colored hair loses smoothness or silkiness.
For many years, investigations have been carried out into the hair damage caused by various chemical processes such as permanent-wave treatments, hair dyes and hair bleaches [1] [2] [3] [4] [5] [6] [7] [8] [9] . The authors clarified that the hair color treatment changed the healthy hair from hydrophobic to hydrophilic and lowered the contact angle against water 10) . The outermost layer of hair is comprised of a lipid layer known as the "F-Layer". The cuticle, which is protected by F-layer, exhibits a hydrophobic property 11) . However, this cuticle turns to hydrophilic in the alkaline treatment due to coloring. This is because ester or thioester bonds between 18-methyleicosanoic acid (18-MEA) and protein in the cuticle hydrolyze to form OH or SH groups, and in turn the SH groups are possible to be oxidized to form SO 3 groups 10) . The ultimate purpose of this work is to develop a new shampoo for the repair of hair damaged by coloring and the other chemical treatments. It has been reported that the mixture of an alkyl trimethyl ammonium chloride and a fatty alcohol combines to form cationic assembly, of which molecular ratio is 1 : 3, and the cationic assembly are useful to repair and protect hair 12, 13) . Also, amido propyl betaine laurate (LPB) is known to be available for an amphoteric surfactant as a detergent. The new shampoo-base was prepared by dispersing cationic assembly in an LPB solution.
This paper presents the results on the structure of cationic assembly in LPB aqueous solution, and the effect on reconditioning and protection of hair when the new shampoo was used.
EXPERIMENTAL

1
Black hair strands without any chemical treatment were obtained from Beaulax Co. Behenyl trimethyl ammonium chloride (C22TAC) and behenyl alcohol (C22OH) were offered as the materials of cationic assembly by Lion Co. and Kokyu Alcohol kogyo Co., respectively. As an amphoteric surfactant, LPB was prepared by Ipposha Oil Industries Co.
2
A bleach solution is 6% hydrogen peroxide, of which pH is adjusted to 10.2 by adding aqueous ammonia. Hair strands were soaked into the bleach solution for 30 minutes. The volume ratio of bleach solution against hair strands was 30 to 1. After rinsing the bleach solution in water, the hair strands were shaken up-and-down 30 times in 1% polyoxyethylene sodium lauryl sulfate (LES) in aqueous solution. After that, they were washed with water and then air-dried.
3
The shampoo base was prepared as following. The mixture of requisite amounts of C22TAC, fatty alcohols, each surfactant and purified water was heated up to 80 to make emulsion over a water bath with stirring for 30 min. A Motor HEIDON BL-1200 (Shinto Scientific Co, Japan) was used for the stirring at a propeller speed of 300 rpm. The mixture was cooled to 40 at the rate of 1 /min.
4
A differential scanning calorimeter (DSC) EXSTAR6000 (Seiko Instruments Inc., Japan) was used for the measurement of the heat characteristics of the cationic assembly. Approximately 30 mg of the mixture was enclosed in an Ag-made cell P/N 560-003 (Seiko Instruments Inc., Japan), and the heat characteristic curve of the mixture was measured under a scanning condition from 0 to 120 at a heating rate of 1 /min.
5 222
The mixture containing C22TAC, C22OH and LPB was centrifuged at 12,000 rpm (17,000 g) for 30 minutes to separate cationic assembly from water phase. C22TAC and LPB in cationic assembly were determined by means of HPLC. C22OH was determined by means of GC.
The HPLC instrument equipped a detector RI and a column CAPCELL PAK SCX UG 80 F 4.6 mm 150 mm (Shiseido Co., Japan). The mixture of methanol and water (volume ratio of 75 : 25) containing 0.5% sodium perchlorate passed through a moving bed in the column (40 ) at a flow rate of 0.7 mL/min.
For the GC measurement, the requisite amounts of cationic assemblies were dried up and treated to form trimethylsilane derivatives in the mixture of pyridine, chlorotrimethylsilane and N,O-Bis-Trimethylsilyl-trifluoroacetamide at 80 for 30 minutes. The trimethylsilane bonded C22OH was analyzed by means of GC. A GC2010 FID (Shimadzu Co., Japan) equipped a column DB1-HT 15 m, 0.25 mm, 0.1 mm (Agilent Co., United States) was used under the condition of flowing He as carrier gas at 380 as the detection temperature.
6
Polarization of the mixture was observed using an Olympus AX70 microscope. Pictures on the results were taken in 400x-magnified FP-3000B film (Fujifilm Co., Japan).
Cryo-SEM observation was performed using an FE-SEM JSM 6300F and a cryounit CRU SM-31210 (JEOL Ltd., Japan). The mixture containing assembles was placed on a hollow part of a sample table. The mixture was submerged into liquid nitrogen and frozen quickly. Immediately after that, the frozen mixture was sliced using a razor to make the surface of cross-section exposing, and then mounted on the cryounit. The frost covered upon the frozen mixture was evaporated away under heating for 30 seconds, and then the frozen mixture was placed behind a lens barrel of a microscope for cryo-SEM observation.
7
X-ray diffraction measurement was performed using a RINT-TTR unit (Rigaku Co., Japan) scanning 2 q from 2.5 to 30 under the condition of at Cu-Ka, 40 kV, 200 mA. The sample was uniformly spread on an aluminum cell.
8
Ten g of hair strands washed with 1 g of each shampoo were combed for 1 minute at a rate of 1 stroke/s. The hair strands washed were rinsed in running water at a flow rate of 350 mL in every 3 s at 40 . One end of a hair was connected to a 0.5 g-weight and the other end of the hair was clasped to hang vertically. The hair was soaked into a quartz cell (30 mm 30 mm 30 mm) filled with the refinement water. The hair was pulled upward by about 15 mm at a rate of 0.5 mm/s and then stood still during 20 s. A microscope VH 6300 (Keyence Co., Japan) was set to measure the angle between the surface of the hair and the surface of water attached to hair. Win Roof ver. 3.6 (Mitani Co., Japan) was used for the image data processing. The angle was measured after that the image was divided into two areas at the threshold in the 50% brightness.
9
The hair strands used were treated in the same way as described in the previous section. After rinsing the hair, a comb load was measured. The measurement was carried out with the hair of the third combing, which showed less tangle and scatter. A Load Gauge DPRSX-0.5TR unit (Imada Co., Japan) was used for measuring a comb load.
10
Five g of bleached hair strands were washed with each shampoo, while the hair was combed 40 times. After that, the hair was rinsed, while the hair was brushed 80 times. All of the water used for washing and rinsing was collected, and centrifuged for 10 min at a rate of 3,000 rpm (1,100 g). The sedimentary cuticles were filtrated through a millipore filter of JG 0.2 mm. The quantity of cuticle exfoliated was determined with using a fluorescent X-ray analyzer. The strength of sulfur (S) in the cuticles was measured.
RESULTS AND DISCUSSIONS
1
A climatically predictable temperature is in the range between 5 and 50 . If the assembly transition point (Tm) comes out between the room temperature and 50 , the temperature change causes formation and dissolution of assemblies repeatedly in a shampoo-base. This is not qualified for the practical use as a shampoo-base. Consequently, it is necessary to select a washing agent, of which addition may lead a Tm being at higher than 50 .
It is known that the assemblies formed have layers of vesicle structure in the mixture of a cationic surfactant and a fatty alcohol (1 : 3 as the molar ratio) in water 14) . The mixture comprising C22TAC/stearyl alcohol (C18OH) (1 : 3 as the molar ratio) in H 2 O exhibit a Tm at around 80 . The Tm decreases below 40 after adding sodium lauryl sulphate as an anionic surfactant into the mixture as shown in . In the presence of different washing agents, each Tm of cationic assemblies (1 : 3 as the molar ratio) was determined by means of DSC. The results are shown in . The Tm's are higher than 50 in the cases of adding LPB and alkyl imidazolium betaine as amphoteric surfactants, and POE (60) hydrogenated castor oil as nonionic surfactant. From above three, LPB was selected on the basis of foaming capability and industrial suppliability. As C22OH was used, the Tm was expected to be higher as compared with using C18OH. Accordingly, the mixture of C22TAC, C22OH and LPB were examined as for a shampoo, hereafter. The Tm change of cationic assemblies in various concentration of LPB was measured by means of DSC. As the cationic assemblies, the concentrations of C22TAC and C22OH were kept constant to be 0.06 and 0.18 mol/L, respectively. The Tm of cationic assemblies for C22TAC and C22OH shifted from 88 to lower than 70 with increasing LPB concentration as shown in and . shows endothermic phenomena at the point of Tm in elevating temperature. This is because the cationic assemblies dissociate and dissolve into water. shows plots of Tm of main peak against the concentration of LPB. It seems that there is an inflection point, where the concentration of LPB added is nearly equimolar to that of C22TAC at around 0.06 0.1 mol/L. A slight change of Tm was observed in higher concentration of LPB than 0.1 mol/L. Accordingly, it is assumed from above results that C22TAC may form an equimolar complex with LPB. This is different from the cationic assemblies for C22TAC and C22OH without LPB. It is plausible that the cationic assemblies are composed of gathering molecules to form complex system. Therefore, it could be assumed that there might be intermediates between the cationic assemblies of C22TAC : C22OH (1 : 3) and that of C22TAC : C22OH : LPB (1:2:1). According to this assumption, the peak at around 78 in the case of 0.1 mol/L LPB appears due to the intemediates.
292
J. Oleo Sci. 56, (6) 289-295 (2007) 
22 22
The mixture containing C22TAC, C22OH and LPB in water were prepared in the same way as described in the previous section. The cationic assemblies were forcibly separated from the mixture of C22TAC, C22OH and LPB in water by means of centrifugation. The molar ratios of LPB, C22TAC and C22OH in the assemblies were calculated using the data of HPLC and GC.
shows the results on each mol % of LPB, C22TAC and C22OH in the cationic assemblies in each LPB concentration. The molar ratio of LPB to C22TAC were approximately 1 : 1 in higher than 0.1 mol/L of LPB. On the other hand, the molar ratio of C22OH/C22TAC was roughly 2 with LPB instead of 3 without LPB. It was concluded from these results that the cationic assemblies were composed of C22TAC/C22OH/ LPB = 1/2/1 as molar ratio.
4
The results on images of polarization microscope and cryo-SEM are shown in . The cationic assemblies without LPB are known to form layers of vesicle structure 14) . It is reconfirmed that the images and of cryo-SEM in show a layered structure of cationic assemblies with and without LPB.
Crossed nicol images were obtained from the measurement of polarization microscope as shown in and . Both images show a vesicle structure.
suggests that the cationic assemblies with LPB are sustainable and receivable in the practical use as a shampoo-base from the viewpoint of layer of vesicle structure and particles of crossed nicol.
5
The difference of crystalline structure between cationic assemblies with and without LPB was examined using Xray diffraction. The results are shown in . In the region that 2q is smaller than 3, the intensity tend to increase. A peak is expected to appear due to the presence of bilayer membrane structure in the vesicles of cationic assemblies. From two peaks appeared in the region of 2q = 20 and 25, d's were obtained as shown in . It is known that this diffraction pattern indicate a b'type crystalline structure 15, 16) . There is no difference between with and without LPB in cationic assemblies as shown in
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J. Oleo Sci. 56, (6) 289-295 (2007) . The crystalline structure of cationic assemblies was not changed by the addition of LPB. Judging from and , it can be deduced that one molecule of LPB is replaced into one molecule of C22OH, and the system of C22TAC/C22OH = 1/3 is changed to that of C22TAC/ C22OH/LPB = 1/2/1 as shown in . It was concluded from all the data described above that the cationic assemblies with LPB behave more stable than those without LPB in practical use. The new shampoo-base composed of C22TAC/C22OH/LPB = 1/2/1 is defined to be Cationic Vesicle/Amophoteric surfactant (CVA), hereafter.
6
Backward contact angle of hair against water was measured in order to demonstrate the mending of color-damaged hair and regeneration of F-layer. In the case of healthy hair, which is covered with F-Layer, the backward contact angle is 72 . The healthy hair exhibits a property of hydrophobicity. The backward contact angle is reduced to 21 after bleaching hair because of exfoliation of F-layer. The hair surface turns from hydrophobic to hydrophilic. Ten g of the color damaged hair due to bleaching was treated with 1 mL of CVA shampoo and an anionic model shampoo. The results are shown in . The color damaged hair treated with the CVA shampoo recovered hydrophobicity. The backward contact angle turned to 60 . Less effect was observed in the case of using the anionic model shampoo as compared with the CVA shampoo.
7
The effect of hair reconditioning was examined for the change of friction as the combing load when a comb passed through hair strands. The results are shown in . The comb load of healthy hair is 0.27 kgF, which exhibits a relatively low level of friction. The comb load increased to 0.87 kgF after bleaching. This color-damaged hair was treated with the CVA shampoo or the anionic model shampoo. The comb load reduced to 0.10 kgF when the CVA shampoo was used. On the other hand, no effect was observed in the case of anionic shampoo.
8
The process of washing the bleached hair with the CVA shampoo was expected to reduce exfoliation of cuticles. The quantity of cuticle exfoliated from the bleached hair during washing was measured by means of fluorescent Xray.
shows the strength of sulfur contained in cuticles. Less amount of cuticles were exfoliated when the bleached hair was washed with the CVA shampoo as compared with the anionic shampoo. 
CONCLUSION
A new shampoo was developed for repairing color-damaged hair. The new shampoo was prepared by mixing cationic assemblies, C22TAC and C22OH, into an amphoteric surfactant, LPB, as a wash-base in water. The molar ratio of C22TAC, C22OH and LPB was 1 : 2 : 1. The cationic assemblies are observed as crossed nicol particles, which composed of layered vesicle structure. The new shampoo seemed to be capable to protect the color-damaged hair by covering the vesicle of cationic assemblies on the hair surface to make an F-layer-like structure. Each plot shows the average of 3 samples measured. Each bar shows standard deviation.
